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Abstract
Platforming, the sharing of parts, processes, knowledge, and technologies, across products and
projects has proven to be an effective way for firms to reduce their costs. While platforming is now
common in many consumer and industrial products, the use of platforms is a relatively new
practice in the design of civil and industrial projects such as buildings, power grids, and oil and gas
facilities. The research in this thesis was specifically undertaking to examine the use of platforming
and commonality in the oil and gas industry.
The first objective of this thesis was to understand which platforming benefits were applicable to
oil and gas, and to discover the extent of the platform benefits. This was accomplished by studying
commonality on an oil and gas project, codenamed Steambird, at an unconventional oil company
over a period of 10 months. The secondary objective was to propose a framework for commonality
and platforming applicable to oil and gas based on the findings from the Steambird case study.
Significant commonality benefits were found in the case study, including a 35% reduction in
engineering effort, faster production ramp-up, and a reduction in operational sparing requirements.
However, these benefits were relatively modest, only totaling about 10% of the overall project cost.
Greater benefits would have likely have been possible but not realized due to organizational factors.
The cost structure of the project, dominated by construction and third party procurements, also
reduced the potential for commonality benefits.
An alternative platform approach to commonality is suggested for future development of the
Steambird project. The proposed platform includes 3 well pad variant designs with 6, 9, and 12
wells for low, medium, and high production. A development strategy using the suggested variants
was shown to have lower costs than Steambirds current strategy even under conservative
assumptions. Finally, the platform strategy proposed for Steambird is generalized to oil and gas
development in general.

Thesis Supervisor: Bruce Cameron
Director, Engineering Systems Lab
Lecturer, Engineering Systems
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Chapter 1 - Introduction
In the context of the oil and gas industry, the word platform usually invokes an image of a large
offshore oil production facility floating on rough waves in a hostile, deep ocean environment. While
the topic of this thesis is commonality and platforming in the oil and gas industry, a platform is here
referred to as a family of products or projects that share parts, processes, knowledge, and
technologies.
Firms increasingly have pursued platform strategies as a means to deliver variety to the market at
low cost. Examples of platforms can be found in a number of different industries, from consumer
electronics (Sanderson & Uzumeri, 1994), automobiles (Kimberley, 1999), and aircraft (Sabbagh,
1996). Despite many claimed successes, platform strategies do not always deliver promised
benefits - the MIT commonality study covering 30 companies found that many of the firms failed to
meet their commonality goals. Among the reasons that firms do not always meet their
commonality goals is the phenomenon of divergence, defined as the decline of commonality over
time, which may lead to the erosion of commonality benefits (Boas, Cameron, & Crawley,
Divergence and Lifecycle Offsets in Product Families with Commonality, 2012). In order to evaluate
the cost of divergence against the benefits of commonality, a commonality cost framework is
required. Cameron (2011) proposes such a cost framework based on findings from a survey of 16
firms and 3 detailed case studies.
This thesis builds on work of Cameron and Boas with a detailed commonality case study in oil and
gas, an industry that has not receieved the same attention from the platform literature as other
industries. The first and main objective of this thesis is to understand the applicability of
commonality strategies to oil and gas development projects and to examine the benefits of
commonality and causes of divergence in the oil and gas industry. The secondary objective is to
propose a framework for commonality and platforming applicable to oil and gas. To satisfy the first
objective, commonality was studied over a 10 month period on an oil and gas development project
codenamed Steambird at an unnamed unconventional oil company (masked for confidentiality as
Unoco). Findings from the case were used to develop a stronger platform alternative to the
development of Steambird, and to generalize the proposed platform to oil and gas.
This thesis is organized in 5 chapters as follows:
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Chapter 2 provides a background on commonality and platforming as well as a review of relevant
literature. A number of frameworks dealing with the design and management of product platforms
are covered in the literature review, along with methods for measuring commonality and sizing
benefits. Using an analogy of projects as products, these frameworks and methods are translated so
they can be applied to project driven industries such as oil and gas.
Chapter 3 defines unconventional oil and gas, reviews the unconventional oil and gas industry in
detail, examines the role of technology in unlocking unconventional resources, and provides an
overview of the prove-optimize-manufacture approach that oil and gas firms have used in the
exploitation of unconventional resources. Chapter 3 also discusses how oil and gas firms have
started to apply commonality strategies in the development of their resources, citing several
examples.
Chapter 4 is the case study of Unoco, an unconventional oil and gas company developing the
Steambird thermal oilsands project. The structure of the project is described in detail, as is the
Steam Assisted Gravity Drainage (SAGD) process used on Steambird. Unoco employed a
commonality strategy in its approach to developing Steambird, with multiple nearly identical
phases of the project built over the course of several years. Managers at Unoco were interviewed to
identify what benefits were expected from the commonality strategy used on Steambird, and
detailed cost data from the project was used to help quantify the magnitude of the benefits that
were realized. Managers were also asked to discuss divergence on the Steambird project, with the
aim of better understanding the mechanisms behind the phenomena of divergence.
Chapter 5 evaluates the strength of the commonality strategy used by Unoco on the Steambird
projects by considering financial, organizational, and technical factors from the case study. The
findings of the case are summarized in this chapter and recommendations are suggested.
Furthermore, an alternative platform strategy for future development of Steambird is proposed,
and a generalized platform strategy for the oil and gas industry based on Meyer and Lehnerd's
(1997) platforming grid tool is put forward.
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Chapter 2 - Background on Commonality and Literature Review
This thesis seeks to examine the costs and benefits of commonality in the oil and gas industry in
order to determine the applicability of commonality and platform strategies to oil and gas projects,
and to provide guidance for managing commonality in the oil and gas industry.

However, the

overwhelming majority of literature on commonality has focused on product platforms and
relatively little work has been done to address commonality in the design of civil and industrial
projects, such as the construction of buildings, bridges, power grids, and oil and gas facilities. While
the needs of oil and gas projects are very different from those of products, many of the same market
forces - increasing cost pressure, rapidly advancing technology, and variability in project demands that have pushed firms developing products towards platform strategies are similarly pushing oil
and gas companies, especially those developing unconventional resources, towards increasing
commonality. Because of the scarcity of literature directly addressing commonality in the oil and
gas industry, this review looks at findings, frameworks, and guidance from other industries, which
may be translatable to oil and gas through the use of analogies between products and projects.
Before diving into the relevant literature, it is useful to first better define and frame commonality in
this thesis in order to narrow the scope of the review. The often cited definition of commonality as
the sharing of components, processes, knowledge, and people (Robertson & Ulrich, 1998) provides
perhaps too broad a view. Boas (2008) further defines commonly along a spectrum of similarity,
from unique to common, as shown in Figure 2.1. Along this spectrum, a part that is defined as
common is identical in function and form, whereas a unique part is defined by the statement that
for the part "the existence of one design has little effect on the cost structure associated with the
second".

11

Common

Unique

Similar
Figure 2.1: Commonality Spectrum (Boas, 2008)

Commonality can also be broken down further into categories of "Intended" or "Unintended"
commonality. Intended commonality occurs when the firm designs or selects components with a
forward eye towards using the same components in future products or variants, and designs
products accordingly. Unintended commonality, on the other hand, is the result of ad hoc reuse or
adaption of components which were originally designed for another application. The distinction
between intended and unintended commonality is important to make when examining the benefits
and costs of a commonality strategy. Intended commonality may result in some cost premium as a

component must be designed to meet the needs of multiple applications. Unintended commonality
may instead result in some performance penalty if a component is carried over into an application

it was not originally purposed for.
Finally, a discussion on commonality is not complete without addressing the phenomenon of
divergence, or the decline in commonality that tends to occur over time. As Boas points out,
divergence may be either beneficial or detrimental to the profitability of a product family.

Unchecked, divergence can lead to the erosion of commonality benefits, however failure to allow for
any divergence may result in missed opportunities to incorporate new technologies and learnings,
or address a potential new market.
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Literature on Commonality
The subject of commonality in engineering design and management has been addressed in a large
and rich body of literature. This literature review attempts to divide relevant past work on the
subject of commonality into the following categories, in a manner similar to Boas (2008):

1. Management literature that addresses commonality in the context of product
families and platforms, including examples from case studies.
2. Works specifically addressing benefits and costs of commonality through the use of
qualitative frameworks and quantitative models.
3.

Literature from the field of engineering design and optimization that prescribes
methods to implement successful platforms

Management Literature on Commonality
Management literature has extensively covered commonality in the context of product families and
platforms. A broad overview of product platforms is provided in The Power of Product Platforms
(Meyer & Lehnerd, The Power of Product Platforms, 1997), which links commonality to platforming
by defining the product platform as "as set of subsystems and interfaces that form a common
structurefrom which as stream of derivative products can be efficiently developed and produced". The
book, along with many other sources, cites numerous advantages of platform based product design
over the single product approach. Among the long list of cited benefits are faster time to market
due to reduced scope of future products, the ability to deliver greater variety, reduced incremental
cost and lead time to develop different products, and reduced cost from the ability to share fixed
expenses across a larger product base. The Power of Product Platforms supports its findings and
draws recommendations from a number of detailed cases which examine successful product
platforms such as Black and Decker power tools, HP Inkjet printers, and Sunbeam Appliances. In
the comprehensive Black and Decker case, a regulatory requirement for double insulation forced
the firm to redesign its entire product portfolio. The firm seized the opportunity to overhaul its
product line and to move towards a platform with shared components and manufacturing
processes, with all power tools having similar look and feel.

As a result, Black and Decker

significantly reduced costs and greatly expanded its market share. Key to this success was the
development of an inline motor that could be scaled up or down to suit the requirements of any
product in the Black and Decker hand power tool family.
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Among the recommendations from The Power of Product Platforms are that a firm pursuing a
platform strategy should seek to measure and reduce complexity (in parts, processes, and
subsystems), build in flexibility and modularity, and to integrate manufacturing processes. Similar
conclusions have been made from numerous platform case studies that have been conducted in a
variety of other industries, from consumer products such as the Sony Walkman (Sanderson &
Uzumeri, 1994), automobiles (Kimberley, 1999), and aircraft (Sabbagh, 1996).
Among the most valuable of Meyer & Lehnerd's contributions to the field of product platforms is
the development of a grid tool, shown in Figure 2.2, which provides a framework for developing
commonality strategies in nearly any market situation.

Several generic platform strategies are

derived from this grid tool, each with relative advantages and disadvantages.

High Cos

High Performance
Mid- rang~e

What Market Nichfs Wil

or Proddaa Ifafonn Sene?

Low Cost
Low Performance
Segment A

Segment B

Segment C

t rdut I

Segment D

Product Platforms

Figure 2.2: Platform Strategy Grid Tool (Meyer & Lehnerd, 1997)

In the horizontal platform leverage strategy, illustrated in Figure 2.3, platforms are developed for
each performance tier, with product variants used to address different market segments. Leverage
is gained where major components of the product can be used to address multiple markets. For
example, Gillette's male and female

razor lines use identical cartridges within the same

performance tier, although the look and feel of the razors differ to address the different shaving
needs of men and women. Risks to the horizontal platform strategy are that a wide array of
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products can be impacted by a flaw in the platform, and that platform renewable becomes
challenging given the number of products requiring updates.
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______

Se?1gient A

ow-end PltfrmI l4evrg
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_SNefme

C

Segmem~i

1

Figure 2.3: Horizontal Platform Leverage (Meyer & Lehnerd, 1997)

In contrast to horizontal leverage, a vertical platform strategy, shown in Figure 2.4, uses the same
platform to address multiple cost/performance tiers within a market segment. In this strategy, the
firm either designs an initial platform for the high end market and scales down in cost to lower end
markets, or starts by addressing a low cost market and scales up in performance to meet the
requirements at the higher end. While vertical leverage may be advantageous for addressing the
needs of a given market segment, scaling cost and performance may prove challenging, and
customers may defect to lower cost variants if they do not perceive significant differentiation
between products offered at the low and high tiers of the market.

15

if g h Cost
H igt PerfirmiAince

Initial Platform

Mid range

Low Costi
Low~ Prrforni;.nce

Initial111atform
Sqmen A

Segmiet B

Figure 2.4: Vertical Platform Leverage (Meyer & Lehnerd, 1997)

An alternative approach to take advantage of the benefits of both horizontal and vertical platform
leverage is a "beachhead" strategy that seeks to use a single platform to address both different
market segments and performance tiers. While such a strategy may be able to deliver greater
benefits than horizontal or vertical leverage alone, it would likely also carry the combined risks of
both strategies.
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-----
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Figure 2.5: Beachhead Platform Strategy (Meyer & Lehnerd, 1997)
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A highly cited example of a successful platform is the case of the Sony Walkman.

Sanderson &

Uzumeri (1994) describe how the use of a product platform allowed Sony to deliver a stunning
number of products spanning a wide verity of markets with the net result greatly increased
revenues and profits. Sanderson & Uzumeri emphasize the importance of Sony's organizational
structure to the success of the Walkman platform. Development was divided between engineers
who were responsible for generational changes in the core platform and industrial designers who
adopted designs to different geographical markets and lifestyle segments. This division of labor
allowed for parallel development and the rapid introduction of new products.
In another case study, Meyer and Utterback find organizational benefits to commonality and link
product families to core competencies (Meyer & Utterback, The Product Family and the Dynamics
of Core Capability, 1993). The paper maps product families at a large electronics imaging company
and evolution of those product families and the development of core capabilities, finding a link
between the two phenomena. Meyer and Utterback also suggest reasons for the erosion of core
competences such as impatience with new products, failure to adapt new innovations, coasting on
success, and breaking up design teams. A framework for managing product families incorporating
core capabilities and other organizational factors is also presented in the paper.
In the paper Planning for Product Platforms, Robertson & Ulrich point out that while commonality
is an important driver of cost, differentiation is associated with higher revenues.

These opposing

forces can lead to organizational conflicts between engineering groups that are cost focused, and
marketing groups who seek increased sales.

Platforms are proposed as a way to manage this

tradeoff and Robertson & Ulrich outline a platform planning approach that includes the definition of
a product plan, the specification of differentiating attributes (DAs), and the quantification of
commonality. In the planning process, the platform is to be iteratively refined by focusing on a
small number of DAs at a time and searching for architectural solutions to resolving tradeoffs
between distinctiveness and commonality. Modular architectures in particular are suggested, as it
may be possible to standardize some modules without significant loss of distinctiveness.
Modularity is a recurring them in the literature on commonality, as platforming and modularity are
strongly coupled concepts (Jiao, Simpson, & Siddique, Porduct family design and platform-based
product development: a state-of-the-art review, 2007).

Modular operators such as the addition,

subtraction, and substituting components at modular interfaces (Baldwin & Clark, 1999) are used
to create new variants within the product family. Too much modularity however, makes a platform
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irrelevant - with a completely modular architecture, new products could be built by modular
recombination, as opposed to development around the core platform. On the opposite end of the
spectrum, products that are too integral will be constrained from a platform perspective (Muffatto

& Roveda, 2002).
Modularity and platforming are also related to flexibility and real options. A real option can be
viewed as an opportunity to adjust investment decisions in response to uncertainty (Triantis,
2000). Real options bear similarity to financial options in that they usually require the payment of
an upfront option premium, but differ in that the premium is paid for a more flexible design. In real
options, this flexibility could stem from the overdesign of structures or systems to allow for future
expansion, or investments in additional tooling that could be used to repurpose production
facilities.

Platforming can also be considered a real option to the extent that modular platform

designs facilitate flexibility, as modular designs can be readily modified or expanded to manage
uncertain requirements while still delivering platform benefits (Jiao, Product platform flexibility
planning by hybrid real option analysis, 2012).

Commonality costs, benefits, and divergence
While the numerous case studies in the management

literature espouses the benefits of

commonality and provides guidance for measuring them, financial data quantifying those benefits
is difficult to find. The lack of data is likely in part due to the proprietary nature of corporate
financial information along with the fact that few companies measure and track commonality. This
is not for a lack of methods to track commonality. Simpson (Simpson, Commonality indices for
product family design: a detailed comparison, 2006) provides a detailed comparison on a number
of these commonality indices such as the degree of commonality index (DCI), the percent
commonality index (%C), and component part commonality (CI), among others. Meyer & Lehnerd
(1997) provide additional guidance by suggesting a number of possible commonality benefit
metrics. For example, platform efficiency is defined as the cost of developing derivative products
relative the cost of developing the platform. Similarly, cycle time efficiency is defined as the time to
develop a derivative product relative to the time to develop the platform and platform effectiveness
is defined as the sales of a derivate product divided by the product development costs.
Much of the literature that does attempt to quantify commonality benefits tends to focus on cost
benefits associated with component sharing across product lines as opposed to flexibility or market
benefits. In a discussion on optimal component sharing in products, Fisher et al (Fisher, Ramdas, &
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Ulrich, 1999) first make an important distinction between process and product commonality and
examine the latter in depth using data on automotive braking systems. Product components are
then divided into the categories of those that have a strong influence on performance and those that
have a weak influence. Fisher et al postulate that there are significant benefits to increased sharing
of components that have a relatively weak influence on performance, and find evidence of this in
their data.
Another approach to quantifying commonality benefits and costs has been the development of
relatively simple models. Baker et al (Baker, Magazine, & Nuttle, 1986) developed a model of
optimal safety stock for a two product system demonstrating that, although the optimal inventory
of common components may decrease with increasing commonality, the optimal inventory of
unique components may actually increase under certain conditions. In another simple model,

Krishnan et al (Krishnan, Singh, & Tirupati, A Model-Based Approach for Planning and
Developing a Family of Technology-Based Products, 1999) approached platform development
as a network optimization problem which could be solved to find the optimal number of
products in a product family. In a follow up paper, Krishnan and Gupta (Krishnan & Gupta,
Appropriateness and Impact of Platform-Based Product Development, 2001) developed a more
comprehensive, although still very stylized, model considering commonality benefits and costs to
help evaluate the appropriateness of platform development under various scenarios. Although the
types of models presented in the above works are highly conceptual, they can still offer some
intuition and insight towards platform development.
Cameron (Cameron, 2011) discusses commonality benefits and costs in the context of broader
strategic tradeoffs. While commonality has clear benefits, platforms also often also carry additional
costs. Upfront costs may include the greater expense of platform development, while recurring
costs may include the over performance penalty of parts that must span the performance of the
high and low end markets. Due to these costs, Cameron suggests that commonality should be
viewed as an investment, where upfront costs are recovered by future benefits. In order to evaluate
commonality investments, Cameron presents a comprehensive framework covering cost
estimating, incentives, and decision making and control, for costing commonality and maximizing
the benefits. Cameron provides an excellent summary of both commonality benefits and costs,
shown in Tables 2.1 and 2.2.
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Phase
Strategy

Benefit
Enable faster variant time to
market
Enter niche markets

Deploy new technologies

Design

Lower technology risk
Shared development cost

Reuse of already designed
components and systems
Reuse of proven technologies
Manufacture Shared Tooling

Reduces technology risk and mitigation cost
Tooling cost can be spread over more
products
Fewer hours/unit required
Enables movement to higher volume
methods
Discounts from suppliers for larger orders of
same part
Lower safety stock levels due to demand
aggregation
Enables the firm to adjust to variant demand
Learning in test procedures for later variants

Robertson & Ulrich (1998)
Lehnerd (1987), Park &
Simpson (2005)
Park & Simpson (2005)
Robertson & Ulrich (1998),
Krishnan & Gupta (2001)
Robertson & Ulrich (1998),
Simpson (2004)
Collier (1982), Baker
(1986)
Suarez, Cusumano, Fine
Park & Simpson (2005)

Testing equipment can be spread over more
products
Reduced external
Reuse of type certifications or regulatory
testing/certification
approval
Reduced sustaining engineering Number of parts to be sustained is reduced
Decreased fixed costs from
Sharing of facility cost over more products
shared facilities
Decreased operator training
Operator learning on common parts reduces
training
Economies of scale in
Move to higher volume operating processes
operations
Bulk purchasing of
Discounts from suppliers for larger orders
consumables
Decreased variable costs due to Reduced inventory for operations
more efficient logistics
Slowring replacement rate for Fewer spares must be purchased
spares
Flexibility in operations
Ability to switch operating staff between
products
Shared inspections / recurring Lower cost and less time required for
regulatory confidence
regulatory compliance

Robertson & Ulrich (1998),
Park & Simpson (2005)
Rothwell & Gardiner
(1990), Sabbagh (1996)
Fixson (2006)
Fixson (2006)

Learning curve benefits
Economies of scale in
manufacturing
Bulk Purchasing
Reduced inventory
Flexibility in variant volumes
Testing &
Reduced testing and
Commission- commissioning time
ing
Shared testing equipment

Operation

Rationale
References
The common portion of the design has
Clark & Fujimoto (1991),
already been built, so only unique portion
Meyer, Tertzikan
remains
Designing unforecast variants on top of the Pine (1993), Meyer &
common platform enables the firm to
Lehnerd (1997), Robertson
recognize and enter markets as they appear and Ulrich (1998)
Time and cost to deploy technologies is
Meyer (1997), Jiao,
reduced where interfaces to the platform
Simpson, Siddique (2007)
are identical
Increased investment in common technology Meyer & Lehnerd (1997)
Reduced engineering effort required for laterMeyer (1997), Ho & Li
variants
(1997), Johnson (2010)
Design effort does not need to be repeated Ulrich & Ellison (1999)

Halman (2003)
Halman (2003)
Robertson & Ulrich (1998),
Simpson (2004)
Collier (1982), Baker
(1986)
Sanderson & Uzumeri
(1995)
Halman (2003)
Rothwell & Gardiner
(1990), Sabbagh (1996)

Table 2.1: List of possible commonality benefits (Cameron, 2011)
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Phase
Strategy

Design

Manufacture

Testing &
Commissioning
Operation

Drawbacks & Costs
Constraining future investment to platform
extent
Development plan risk from shared
components
Brand risk from lack of differentiation

Recurring?
NR

Risk of cannibalization

R

R
R

Reference
Henderson & Clark (1990),
Halman (2003)
Henderson & Clark (1990)

R

Kim & Chhajed (2000), Jans
(2007)
Sanderson & Uzumeri (1995),
Kim & Chhajed (2000)
Swift (1995), Burke et al (2007)
Ulrich & Eppinger (2004)
Halman (2003), Ulrich &
Eppinger (2004)
Erixon & Ostgren (1993),
Du et al (2001)
Muffatto (1999), Sundgren
(1999)
Krishnan & Gupta (2001,
Nobelius (2002)
Thoneman & Brandeau (2000)

NR

Thoneman & Brandeau (2000)

R

Muffatto (1999), Sundgren
(1999)
Halman (2003)

Risk of monopoly by common system provider R
Investigating technical and economic feasibility NR
Design premium for satisfying multiple needs NR
Costs of integration

R

Commonality management overhead

R

Increased cost of common items to due to
capability penalty
Increased complexity of configuration
management on manufacturing line
Carrying costs of production assets with higher
than necessary initial capacity
Commonality management overhead

R

Cost of creating more capable test
environments
Risk of common part failure, impacting multiple
products
Increased complexity of operating a multipurpose item
Carrying costs of operating assets with higher
than necessary initial capacity
Commonality management overhead

NR
R
R

Meyer & Lehnerd (1997),
Halman (2003)
deWeck (2003)

NR

Meyer & Lehnerd (1997)

R

Muffatto (1999), Sundgren
(1999)

1_

Table 2.2: List of Potential Commonality Costs (Cameron, 2011)

Cameron's work includes a detailed, multi-case study including participants from the heavy
equipment, rail, and vehicle industries. Findings from the multi case study reinforce the view that
commonality should be seen as an investment. Other findings were that commonality premiums
were more significant than implied in past work, divergence is linked to both additional
development effort and decreasing commonality benefits, and that lead variants are likely to see
lower profitability than follow on variants. Significant over performance penalties were also seen,
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particularly in the vehicle manufacturer case, where the penalty for over performance was large

enough to justify divergence between high and low performance variants.

Cameron also

emphasizes that cost structure is important for determining platform success, and that platforming
is most likely to produce benefits where the platform meets all of the criteria of being financially

beneficial, technically feasible, and organizationally possible.
In his PhD dissertation, Boas (2008), also examines platform development practices of a number of
firms in a multi-case study aimed at establishing causes and discovering the cost implications of
divergence. In particular, Boas examines the connection between lifecycle offsets and divergence,

with lifecycle offsets defined as the staging of developments in a product family in time. Examples
of parallel, sequential overlapping, and sequential non-overlapping development offsets are shown
in Figure 2.6

Parallel

Sequential Ovedapping

Offset

Sequential Non-Ovedapping

Overlap

Figure 2.6: Examples of Lifecycle Offsets

Combining his case study observations and lifecycle offset framework, Boas finds that offsets are

opportunities for divergence and create challenges for both the implementation of commonality
and the realization of commonality related benefits. However, offsets are valuable as they allow for
the staging of investment, the resolution of uncertainties, and the incorporation of learnings.

Engineering Design and Optimization
The actual design and implementation of platforms, or the choice of what to share, is addressed to
some degree in the management literature, but is more deeply discussed in the field of engineering
design and optimization.

Liu et al (Liu, Wong, & Lee, 2010) view the platform along the two dimensions of modularity
and commonality, as illustrated by Figure 2.7, and propose a framework for top down platform
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design by first modularizing the product architecture and then optimizing for commonality. In
Liu et al's generic framework, a product family architecture given by a modularization is
defined by parameters such as a variety index and a performance response, which are subject
to multi-objective optimization.
Product Family
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customnization: Status and promise, 2004). In addition to the consumer products, Simpson's review
also covers a variety of industrial products that may be applicable to the oil and gas industry, such
as pressure vessels and flow control valves. However, none of the articles in Simpson's review
examines complete industrial projects such as oil and gas facilities.
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A significant shortcoming of static optimization methods is a failure to address uncertainties that

arise in the lifecycle of a platform. Suh et al address the dynamic nature of platforms and
propose flexibility as a method to deal with future uncertainties (Suh, de Weck, & Chang, 2007).
Flexible elements, which have a low cost of modification, are introduced in the place of unique
or common elements and evaluated using Monte-Carlo simulation.

Suh et al acknowledge

challenges to their approach, including the difficulty in modifying complex systems and the
difficulty in identifying relevant uncertainties. Regardless of these weaknesses, Suh et al show
that flexibility has a positive effect on the profitability of a product platform when a dynamic
view is taken. As discussed earlier in the context of modularity, this flexibility could be viewed
as a real option.

Analogies between Products and Projects and Literature Summary
The literature on platforming tends to focus on the development of products to suit the varying
needs of markets such as consumer goods, transportation, aviation, and industrial products.
However, the subject of this thesis is the oil and gas industry, which develops large scale projects to
produce and sell a homogenous commodity to a single global market. When one mentions a
"platform" in the context of oil and gas, the image conjured up is one of an offshore production
facility in the North Sea or the Gulf of Mexico rather than a family of related products. Even so, this
thesis argues that many of the findings from platforming and commonality in the product focused
industries may be nonetheless applicable to process and project based industries such as oil and
gas.

As previously mentioned, the oil and gas industry has experienced many of the same

competitive pressures, such as rapidly changing technology and increasing development costs, that
have pushed firms to platform strategies in product based industries.
A number of analogies can be drawn between product development and oil and gas resource
development projects. An oil and gas company can be thought of as one that manufactures oil and
gas wells, pipelines, production facilities, instead of products to sell directly to the market. These
projects have a set of performance criteria measured by production, specific gravity of the oil, and
hydrocarbon composition as opposed to other metrics, such as the horsepower in the case of an
automobile. Finally, oil and gas projects encounter variance in geological conditions and oil prices
rather than variance in market demand for features in a product.
The analogy is not perfect as a commonality strategy adapted to oil and gas projects is likely differ
in many ways from a commonality strategy in product development. The cost structure of the oil
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and gas industry is significantly different from product based industries and is dominated by
development vs manufacturing costs. Many of the benefits and costs listed in Tables 2.1 and 2.2 are
also unlikely to apply to oil and gas. In particular, market benefits and costs, such as the ability to
enter niche markets or the risk to brand differentiation, are not relevent to the oil industry. On the
other hand, other commonality benefits and costs may be more important to oil and gas vs other
industries. In particular, over performance penalties may be more severe for oil and gas facilities,
as facilities tend to be highly optimized for their design production rate. Equipment such as vessels,
pumps, pipes are sized and rated to expected flow rates and failure to utilize equipment to its rated
production will result in poor capital efficiency. Furthermore, while there is significant uncertainty
in production rates, this uncertainty may be more predictable than the market uncertainty faced by
manufacturers of products as oil and gas firms have significant geological data available to
estimated expected production.
The applicability of platforming to the oil and gas industry is further explored in Chapter 3.
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Chapter 3 - Technology challenges in oil and gas, and the applicability of
a platform approach
Unconventional Oil and Gas: Defining the Energy Resource play
In 1984, North American crude oil production reached a historic peak of 15 million barrels per day,
a level from which production would decline for the following 2 decades (BP, 2013). By 2008, oil
production in North America had fallen to 13 million bopd and, with world production also
appearing to peak, anxiety over energy security helped propel the benchmark price of West Texas
Intermediate crude oil to record highs over $150/barrel. These persistently high oil prices
triggered an investment boom in exploration and new technology, leading to the commercialization
new energy resource plays such as shale gas, tight oil, and the Canadian oil sands. The exploitation
of these newly unlocked unconventional resources has led to a renaissance in North American oil
and gas. The impact of unconventional oil and gas has overturned an industry that had up until
recently been considered stagnant, and North American production, once considered to be in
terminal decline, is now projected to reach record levels (West, 2013).
While a distinction exists between conventional and unconventional reserves, it is difficult to find a
clear definition of what characteristics classify an oil and gas resource as unconventional. Formal
definitions based on permeability have been proposed (Meckel & Thomasson, 2008), but many
types of deposits widely considered unconventional, such as oil sands or coal bed methane, have
relatively high permeability. An alternative distinction, used by the United States geological survey
(Schmoker, 2005) differentiates between conventional and unconventional oil and gas reservoirs
by defining conventional reservoirs as discrete pools where oil or gas has accumulated in geological
traps, while unconventional reservoirs are spatially large, continuous accumulations of oil or gas
without distinct boundaries. Although the USGS definition is broader than the definition based on
permeability, it would still incorrectly label many heavy oil reservoirs as conventional even though
heavy oil is often considered unconventional by industry. A more useful definition of an energy
resource play is the one offered by Cander (Cander, 2012), which states that an unconventional
resource requires the application of technology to increase viscosity or permeability to achieve
commercial rates of flow. This definition clearly distinguishes unconventional and conventional
energy deposits, and critically, it also points out the importance of technology in the development of
unconventional reserves. Competencies in technology development, integration, and management
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are therefore critical to the success of oil and gas companies operating in unconventional energy
resource plays.

Unconventlonals can be defined on a graph of
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Figure 3.1: Definition of unconventional resources based on viscosity and permeability
(Cander, 2012)

The Role of Technology in Unconventional Oil and Gas
In conventional oil and gas, the most successful companies were those that could use their superior
knowledge of geology to locate large discrete accumulations of hydrocarbons, successfully
negotiate with landowners and state governments over mineral rights, and manage the logistics of
extracting oil and bringing it to market. The nature of the unconventional oil business differs in
that the geology is usually already well understood, and because energy resource plays are spatially
vast and located domestically, individual landowners and state governments have less negotiating
power. Instead, the keys to success in unconventional oil are largely technological, and
development is approached in the following manner (West, 2013):
Prove it - New technology is used to unlock the play and show the achievability of commercial
rates of flow. The first wells in a new unconventional play may not be profitable, but at this stage
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the intent is to show that production can be achieved by using innovative technologies and creative
new practices that may not already be well established.
Optimize it - Metrics, such as drilling costs and initial flow rates, are improved by refining and
building on the technology that initially unlocked the play. In shale oil and gas, optimization often
involves experimentation with well length and spacing, frac density, and completion techniques.
Manufacture it - After proving out the play and reaching commercial viability through
optimization, the operator needs to be able to mass-produce wells and scale production in a
repeatable way. Manufacturing wells and facilities can be challenging as resource plays are not
homogenous and operators often face challenges coping with the variety of reservoir conditions
that may be encountered.
Success in proving and optimizing new energy resource plays requires capabilities in developing
and integrating new technologies, while the challenges in manufacturing wells and facilities are
related to mass production, and managing cost while dealing with the variety of reservoir
conditions encountered in heterogeneous geology. Technology in the oil and gas industry is usually
developed at third party suppliers, and successful technologies spread quickly as the supplier firms
have an incentive to promote rapid adoption. Oil and gas production companies likewise have an
incentive to integrate new technologies quickly, as being the first to unlock a new resource play
with a new technology can lead to a major competitive advantage. However in a study reviewing
the adoption of horizontal drilling technology in the Western Canadian Sedimentary Basin,
Woiceshyn & Daellenbach (Woiceshyn & Urs Daellenbach, 2005) found that in spite of these strong
market incentives, producers had varying success at actually integrating new technologies. This
variance was explained by differences in technical systems, managerial systems and processes,
employee knowledge and skills, along with the values and norms of the adopting firm. The findings
are similar to those from studies that examined the implementation of platforms, and many of the
same lessons apply.
One of the most significant challenges in unconventional oil and gas is that the geology within a
given resource play can vary significantly. For example, in the Canadian oil sands, in-situ reservoir
conditions might be influenced by the presence of bottom water or gas cap. These water and gas
zones act a heat loss points for the thermal energy pumped into the reservoir, negatively impact
efficiency, and change how wells need to be operated. Reservoir conditions may also influence
technology choices, such as the selection between a gas lift process and submersible pumps.
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Another major challenge faced in manufacturing stage of unconventional oil and gas development is
that the labor and resources required in scaling up the play might quickly exhaust what is locally
available. In the Canadian oil sands, operators have responded by attempting to increasingly
modularize massive process units (Bedair, 2013). The main application of modularization in oil
and gas thus far has been to target construction cost savings by building process modules off-site
and transporting them on trailers to be reassembled at the location of the production facility.
Additional benefits of modularization have been cited, including a reduction in labor costs,
improved quality, increased productivity, a reduction in on site congestion, streamlining of
commissioning, and a minimization of on-site health and safety risks. Modularization has been
difficult in practice however, as the requirement for process modules to fit within transportation
envelopes (7.3m x 7.8m x 36m in Alberta) is highly restrictive. Furthermore, North American codes
do not provide standardized guidance for modular construction, leaving engineering procurement
and construction (EPC) companies to develop their own custom designs, resulting in divergence
with no technical basis.
The challenge of managing variety in engineering requirements is not unique to the unconventional
oil and gas industry. Some oil and gas companies who recognize the new problems they see in
unconventional resource development have already been faced in other industries have sought to
apply the lessons learned. Firms in a number of other industries, such as electronics, automobiles,
and aerospace have met the challenge of delivering variety at a low cost base through the use of
platform strategies, and this fact has not gone unrecognized by oil and gas firms who are begining
to follow suit.

The State of Commonality in Oil and Gas
Many oil and gas firms operating in unconventional firms have already adopted commonality as an
important part of their strategy. Some of these firms have gone so far as to explicitly discuss their
commonality strategies in their investor presentations, financial reports, and public press releases.
For example, Cenovus energy, one of the lowest cost in-situ producers in the Canadian oil sands,
often discusses its "manufacturing approach".
"Cenovus's manufacturing approachfor developing its oil sands assetsgives the company the
ability to control the pace and cost of its expansions.Projectsare expanded in phases of 35,000
to 40,000 bbls/d, using in-house construction management teams, standarddesigns, the
company's Nisku module assemblyyard and multiple small contractors.The company
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demonstrated the effectiveness of this approach in the third quarterby bringing on phase C at
ChristinaLake ahead ofschedule and with capitalexpenditures below budgetfor the entire
phase. This proven execution strategy, combined with exceptional oil sands reservoirs,helps
make Cenovus an industry-leaderin capital efficiency."
Cenovus's approach has resulted in a cost of development of $22,000 per flowing barrel of daily
production, compared to an industry average of $38,000 (Smith, 2012). Cenovus is not alone in its
manufacturing approach. Encana, another large exploration and production company active in
shale oil and gas often refers has referred to its well pads as gas factories.
"When Encana's land, technologies,manufacturingpracticesand human capitalcome
together,the product is a gasfactory - a strategic and innovative approachthat moves
resource plays into commercialproduction in a repeatable,transferablemanner at a
consistently reduced cost,in an increasinglycompressed timeframe and with minimized
environmental impact. Encanagasfactoriesplace the company in an ideal position to thrive
as North America embarks on a major paradigmshift in its energy economy."
Imperial Oil, another company active in the Canadian oil sands has described it's commonality
strategy as "Design One Build Many".
"We have steadilygrown productionat Cold Lake since start-up using a staged development
model. This phased approach allows us to take advantage of efficient, templatefacility
construction using our "design one, build many" strategy. This same strategy will be usedfor
the potentialnext phase of Cold Lake, known as Nabiye. This staged development allows us to
not only realize efficiencies in execution; it also provides the opportunity to apply advances in
technology to enhance recovery,and tofully integratenew phases with existingfacilities."
The three firms above, among the most vocal about their commonality strategies, are also three of
the highest performing and lowest cost operators compared to their peers. Yet these companies
may not be reaping the full rewards from their commonality strategies, as they have focused
primarily on standardization and reuse. It may be possible to apply more sophisticated platform
strategies to unconventional oil and gas for increased benefit. Such platform approaches are
relatively new to the oil and gas industry, although there are some companies in the field actively
pursuing such strategies. Oakpoint energy, a junior oil and gas company, has developed a platform
for thermal oilsands development that includes 3 variants for small, medium, and large size
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facilities based on a highly modular design. Based on its initial analysis, Oakpoint believes it could
reduce industry costs by as much as a half (Smith, 2012).
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Chapter 4 - Commonality in Oil and Gas Case Study - Unconventional Oil

Co. (Unoco)
Company Profile
Unconventional Oil Co., hereafter referred to as Unoco, is an oil and gas exploration and production
company (E&P) that is active in a several energy resource plays. As an E&P, Unoco focuses on
finding oil and gas resources, developing those resources by drilling wells, building oil and gas
production facilities, and finally, operating those wells and facilities. Unlike an integrated oil and
gas company, Unoco is not active in the midstream transportation segment of the oil and gas
industry, and does not own or operate downstream refineries or chemical plants.

Unoco's

upstream oil and gas reserves are primarily unconventional, as defined in Chapter 4, and the
company was a pioneer in many unconventional resources including tight gas and oil sands. Unoco
already has significant proven resources, and is in the optimization and manufacturing phase of
many of its unconventional energy development projects.
Unoco's organizational structure is composed of business units that focus on specific regions or
unconventional resource plays, and each business unit contains separate organizational groups for
development, facilities engineering, construction management, commissioning, and operations.
Development focuses on the evaluation of reserves and the overall strategy for developing those
reserves. The development group also makes key decisions such as choosing areas of focus within a
play, the speed at which the play will be developed, and the choice of technology. Furthermore,
development makes high level engineering decisions such as the spacing of wells and the planned
capacity of production facilities. Facilities engineering undertakes the detailed design of facilities
with the help of

3rd

party engineering companies and equipment vendors. Facilities engineering

also makes component level decisions like specifying performance characteristics and models of
equipment required for the facility, such as process modules, instrumentation, pumps, and electric
drives. Construction management, a sub-group within facilities engineering, sees that facilities are
built to code, and acts as quality control.

After construction, facilities are handed over to

commissioning, which performs the integrated testing of completed construction work for
handover to operations.

Finally, in addition to operating facilities as efficiently as possible,

operations takes responsibility for sustaining projects to continually improve performance at the
running plant. It's notable that Unoco's organizational groups map closely to phases in the systems
engineering lifecycle, as illustrated in Figure 4.1.
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Figure 4.1: Unoco Organization Mapped to Systems Engineering Lifecycle Phases

Unoco is defined as much by its core values as it is by its resources and organizational structure. As

a publicly traded company Unoco seeks to create value for shareholders, and does so by prioritizing
projects with the potential to generate high, repeatable returns.

Unoco also recognizes the

importance of workplace safety and environmental responsibility in underpinning its financial
performance. The importance of health, safety, and the environment in Unoco's values can be seen
in the company's mission statement.
"Unoco is a results-oriented oil and gas company that builds value for shareholders through our
employees by creating a culture of health, safety and environmental stewardship in an atmosphere of
optimism, teamwork, creativity and resourcefulness and by dealing with everyone in an open and ethical
manner."
These values have significant influence over how Unoco designs, builds, and operates projects.

Steambird Project Description
This case study focuses on Unoco's approach to commonality in the development of Steambird, a
large, unconventional oilsands project. After successfully proving the play with the Steambird 1
project, Unoco moved to replicate its success with two more projects - the second is currently
under operation and the third is being commissioned at the time of this writing.
All of the Steambird projects make use of the steam assisted gravity drainage (SAGD) process,
depicted in Figure 4.2. In this process steam is injected underground through a steam injection
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well, leading to the formation of an underground steam chamber. As steam condenses at the edge
of the chamber, heavy oil within the reservoir is thermally mobilized and flows to the production
well. The SAGD process is well established and has been in commercial use since the mid-1990s.

VIAfACE
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Figure 4.2: SAGD Process overview

Industry and Project Overview
The oil and gas industry is capital intensive and operates on a relatively low clock-speed.
Steambird is no exception to the high capex, long lifecycle nature of the oil industry - each
Steambird project phase, staggered roughly 3 years apart, consists of a central processing facility
(CPF), along with 4-7 well pads, and shared infrastructure like interconnecting flow lines, work
camps, and utilities. For the CPF, development is sequential-overlapping as engineering on the
subsequent phases of the project generally begins as previous phases move into commissioning. On
the well pads development can occur in parallel, sequential overlapping, or sequential non-

overlapping offsets. Figure 4.3 shows a typical phasing of Steambird CPFs, while Figure 4.4 shows
an example of how well pads might be phased. The length of the phases in Figure 4.3 and 4.4 are
illustrative and do not reflect the actual time spent in each project phase.
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CPF Phase N

CPF Phase N+1
Offset

Figure 4.3: Illustrative Phasing of Steambird CPF projects

Time

Figure 4.4: Illustrative phasing of Steambird Well Pads

Intended Commonality
Phase one of the Steambird project was as a full scale pilot to prove the viability of developing
Unoco's oilsands assets. After Steambird 1 proved to be successful, Unoco launched into the
planning and development of future phases of Steambird, reusing the Steambird design as a
template. Commonality between Steambird 1 and Steambird 2 could therefore be classified as
reuse, a form of unintended commonality. However, commonality between Steambird 2, Steambird
3, and future phases was intended and planned. Investments in commonality, such as the
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development of standards to be applied to future projects, were only made during the development
of Steambird 2.
The central processing facility was designed to be as common as possible between Steambird
phases, however some changes were allowed due to lessons learned and to accommodate new
changes. The initial well pad design was updated between Steambird 1 and Steambird 2, and the
new well pad design was intended to be used for all future pads across the Steambird district
including new Steambird 1 pads, although some divergence in the well pad design has since taken
place. Each Steambird project requires the construction of 1-2 new well pads per year to maintain
nameplate production levels. With 3 Steambird projects in varying stages of operations, ramp-up,
and construction, this adds up to the construction of 3-6 well pads per year. Unoco plans to
continue its oil sands growth, and plans to apply commonality to drive repeatable success on future
projects. Figure 4.5 shows approximately where the Steambird projects fall on the common-unique
spectrum (Boas, Commonality in Complex Product Families: Implications of Divergence and
Lifecycle Offsets, 2008).

Jackfish
Common

Unique

Similar
Figure 4.5: Intended commonality of Steambird Project

Project Architecture and Cost Structure
Understanding the architecture and cost structure of the Steambird project is important for
evaluating the size and impact of commonality benefits and costs. The overall architecture of the
Steambird program is best illustrated by the program work breakdown structure, shown in Figure
5.6. At the highest level, the program decomposed into the individual Steambird projects along
with district infrastructure projects. Each individual project is further broken down into facilities,
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drilling and completion, commissioning and start-up, and exploitation. Of these areas, commonality
is most relevant to facilities, although commonality benefits to commissioning and start-up were
also examined in this thesis. Exploitation, which is concerned with the discovery and economic
evaluation of resources, and drilling and completions were not considered in scope.
The facilities work breakdown structure is presented in greater detail in Figure 5.7, and is
decomposed into engineering, procurement, construction, and project management. While
commonality benefits are likely to be realized in all of these areas, design decisions that impact
commonality are primarily made in engineering.
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CPF Architecture
The central processing facility layout is shown in Figure 5.8, is divided into 5 functional areas,
which are listed below:

*

Area 1000 contains equipment associated with boiler feedwater and steam
generation, along with steam separation vessels.

*

Area 2000 contains oil and water separation vessels, along with related processing
equipment and heat exchangers.

*

Area 3000 contains water treatment equipment to process, filter, and soften water
to boiler feed water quality.

*

Area 4000 contains shipping and storage tanks for processed oil.

*

Area 7000 is infrastructure common to the site, such as operations buildings,
communication and server rooms, and warehousing.

*

Area 8000 contains plant utilities and the flare system.

Brackish water is sourced from local, unpotable water wells, then softened to boiler feed water
quality using a hot lime softening process. The boiler feedwater is converted to high pressure
steam in once through steam generators (OTSGs). A small portion of the produced steam is
consumed in the CPF to provide heat to other processes, and the rest is transported by pipeline to
well pads, where it is injected into wells to thermally mobilize the heavy oil. The fluid produced
from the wells contains a three phase mixture of heavy oil, water condensed from steam, and gas.
After separating the fluids, oil is treated to meet pipeline specifications, water is recycled through
the water treatment plant, and gas is recovered to burn in the OTSGs.
With the exception of a small number of large vessels, the CPF is highly modularized, containing 6
identical OTSGs for steam generation, multiple identical water treatment units, and banks other
common equipment such as heat exchangers and minor processing vessels. With this level of
modularization, one might expect that scaling the Steambird project would be as simple as adding
the appropriate additional modules, however the plant is not equipped for expansion, as plot and
building space is limited. Therefore the addition of major new equipment units such as steam
generators or water treatment units is currently not possible. Another constraint is the capacity of
large, one off, vessels such as the free water knock out used for oil/water seperation and the hot
lime softener used for water softening.
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Well Pad Architecture
Well pads are modularized to an even greater extent then the CPF. Figure 5.9 shows the module
layout of a typical well pad, with modules listed in Table 4.1. Well modules are connected by pipe
rack modules, which transport produced resevoir fluid to a group seperator package. Some
peliminary seperation of liquids and vapor takes place in the group seperator, and chemicals to aid
downstream seperation are added before fluids are pumped back to the CPF.

)

T

Figure 4.9: Typical Well Pad Module Layout
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Module Number
PM001
PM002
PM003
PM004
PM005
PM006
EM201
EM202
EM203
EM204
EM205
EM206
EM207
EM208
EM209
EM210
EM211
EM212
EM213
EM214

Module Description
Pipe Rack Module
Pipe Rack Module
Pipe Rack Module
Pipe Rack Module
Pipe Rack Module
Pipe Rack Module
Production Well
Production Well
Production Well
Production Well
Production Well
Production Well
Production Well
Injection Well
Injection Well
Injection Well
Injection Well
Injection Well
Injection Well
Injection Well
Table 4.1: Well Pad Module List

Injection well modules EM12208-EM12214 are used to inject steam into the reservoir, while
production well modules EM12201-EM12207 produce the reservoir fluid to the surface. The
combination of a production and injection well is referred to as a well pair. All injection well
modules are identical, as are all well production modules. Pipe rack modules PM12005 and
PM12006 are also identical, and the remaining pipe rack modules are unique for a well pad. While
a typical well contains 7 well pairs, some newer pads have been designed with up to 9 or 10 well
pairs, as shown in Figure 4.10 and 4.11. These well pad variants diverged from the standard design
in order to produce more oil at certain locations.
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Figure 4.10: 9 Well Pair Pad Layout
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Figure 4.11: 10 Well Pair Pad Layout

In the 9 well pair pad, PM008 is a new, unique module, and the additional injection and production
modules are common instantiations of modules found on the typical pad design. The remainder of
the pad is almost identical to the typical pad design, although some layout changes were required to
the electrical building to accommodate the infrastructure required to support additional pads. The
10 well pair pad contains no new modules, although again modifications were required to the
electrical building.
The cost impact of these two new well pad variants is summarized in Table 4.2 below. While both
the 9 and 10 well pair variants have a lower cost per well pair than the 7 well pair variant, the cost
advantage is much greater on the 10 well pair variant. The cost advantage of the 10 well pair
variant is not surprising from a commonality standpoint. The 9 and 10 well pair variants are
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identical with the exception of PM008, a new unique module introduced on the 9 pair variant.
Furthermore, all modules on the 10 well pair variant are common to the 7 well pair design while
the 9 well pair variant required the design and manufacture of a new unique module, PM008. This
comparison suggests that the additional development and manufacturing costs associated with
unique modules was in fact significant, and that a modularization with fewer unique modules is
likely most cost effective than one with more unique modules.

Pad Variant
7 Well Pair
9 Well Pair
10 Well Pair

Cost
(Compared to 7 well pair variant)
100%
120%
126%

Cost per well pair
(Compared to 7 well pair variant)
100%
93%
88%

Table 4.2: Cost comparison of Steambird well pad variants.

Finding 1: The 10 pair well pad variant was more cost effective than the 9
well pair variant due to fewer unique modules and greater commonality with
the typical 7 well pair design.
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Project Cost Structure
One way to view the project cost structure is by development phase (engineering, procurement,
fabrication, construction), as shown in Table 5.2. The central processing facility and well pads are
costed separately, although there is a significant percentage of cost that is either indirect or shared
between the CPF and the pads. For comparison purposes, shared and indirect costs are divided
between the two areas, weighted by overall project cost. Due to the sensitive financial nature of
this cost data, dollar values in Tables 5.2 were changed to percentage values.

Phase

CPF Cost Fraction

Well Pads Cost Fraction

Engineering

5%

5%

Procurement

31%

19%

Fabrication

11%

25%

Construction

22%

29%

Normalized Indirects

21%

21%

Contingency &
Other
Total:

11%

1%

100%

100%
Table 4.3: Project costs by development phase

When analyzing CPF and well pad costs by phase, it's notable that in both cases, engineering
represents a small fraction of total project cost. Other observations are that CPF costs are
dominated by equipment procurement from third party vendors and that procurement cost, while
still significant, are less important than fabrication and construction costs for the well pads. This
discrepancy is due to the fact that the CPF contains many major equipment units, such as steam
generators and water treatment units, which are purchased from third party providers. On the
other hand, the well pad architecture primarily consists of piping modules that have costs weighted
towards fabrication and construction.
The CPF cost structure can also be viewed by functional area, as shown in Table 5.3. This view may
give some insight in how flexibly expanding or shrinking a given area might impact overall project
financials. Many of the costs, such as shared engineering and project management efforts, or site
infrastructure, are shared between areas and cannot be directly allocated towards an area. Dollar
costs in Table 4.4 are again converted to percentage costs for confidentiality reasons.
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Area

Cost Fraction

Shared

25%

1000

22%

2000

14%

3000

19%

4000

5%

7000

7%

8000

8%

Total:

100%
Table 4.4: CPF costs by area

Aside from shared costs, Area 1000, or steam generation, accounts for the largest fraction of project
costs, followed closely by Area 3000, or water treatment. Collectively, these two areas represent
over 40% of the project capital cost. Furthermore, the capacity of these two areas is determined by
the steam to oil ratio (SOR) of the project, which is a function of reservoir conditions. SOR is an
important metric in thermal oil sands development, and is also one of the largest uncertainties in a
project. Therefore, there could be some value in adding flexibility to these areas and applying a real
options approach, however such an analysis was considered beyond the scope of this thesis.
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Research Methodology
The primary research method used investigate the applicability of commonality and platform
approaches in the oil and gas industry was a survey interview among senior engineers and
managers at Unoco Energy who either are currently or had previously been involved in the
Steambird project.
The goal of the interview was to gather information on the use of commonality as a strategic tool on
the Steambird projects, and build hypothesis on the effectiveness of commonality in delivering the
intended benefits.

Interviews were also structured to help point to mechanisms behind

phenomenon such as divergence, and identify enablers and disablers of commonality.

Where

possible, the hypotheses and existences of mechanisms discovered during the interview process
were further investigated by comparison with actual project data such as project financials, bills of
materials, and realized schedules.
Alternative approaches, such as a large-N study or the development and application of a
commonality cost/benefit model were also considered but ruled. As this thesis specifically seeks to
answer the question of "What are the benefits of commonality to the oil and gas industry?" and
focuses on a single company, it would have been difficult to gather a large enough number of
responses for a large-N study. A challenge in the development of a static or dynamic model is that
such models depend on the high quality quantitative data, which was unavailable for this study. On
the other hand, a survey which could identify mechanisms by which commonality benefits could be
realized, along with commonality enablers and disablers was considered to be a useful tool in
answering the central research question of this thesis, especially if those mechanisms could be
further investigated by the available quantitative data from the case examined.

Interview format and structure
Each interview followed a semi-structured format and was between

hour to 1 hour in length. A

list of questions used to guide the interview is included in Appendix A. It should be noted that not
all questions were asked to all interviewees, and furthermore that interviewees were free to bring
up and discuss commonality and divergence related concepts and mechanisms that were not
specifically addressed by the interview question list. By allowing this flexibility in interview format,
it was hoped that richer descriptions of relevant phenomenon could be captured. To protect the
sensitivity of strategic and financial data interviewees were not recorded, however detailed notes
were taken.
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Interviewee list
Interviewees were chosen based on involvement in multiple phases of the Steambird project and a
majority of interviewees currently hold, or previously held, managerial roles where they would
have been involved in commonality vs divergence selection decisions. In total, 11 interviews were
conducted, with interviewee experience spanning development, engineering, commissioning,
operations and supply chain.

Interviewees also included managers of most engineering sub-

disciplines, such as electrical, process, and instrumentation and control.

A complete list of

interviewees is shown in Table 5.3.

Title
Manager, Commissioning

Group
Facilities Engineering

Manager, Electrical

Facilities Engineering

Vice President

Development

Manager, Facilities
Engineering

Facilities Engineering

Project Manager
Manager, Supply Chain

Facilities Engineering
Supply Chain

Manager, Instrumentation and
Controls
Manager, Continuous
Improvement
Manager, Automation

Facilities Engineering

Engineering Lead
Project Manager

Facilities Engineering
Operations

Operations
Operations

Notes
Previously worked as a field engineer on
the Steambird 2 project before promotion
to commissioning manager.
Managed electrical, instrumentation and
control on Steambird 2 project.
Has been involved in the Steambird
program as since its initial phases, and had
been part of overall strategy development
Previously worked as an engineering lead
on the Steambird 2 project before
promotion to facilities engineering
manager.
Responsible for strategic agreements with
vendors and engineering contractors.

Manages continuous improvement
projects across entire Steambird District
Managed the operations automation
group with increasing responsibility from
early on in the Steambird program,
including Steambird 1 startup.

Table 4.5: List of Interviewees
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Commonality Benefits and Costs
The interviewees identified a number of commonality benefits, listed in Table 5.4, which lists the
benefits by the project phase in which those benefits are accrued, and provides a rationale for each
benefit as discussed by the interviewees. In cases where cost data was not available, the magnitude
of the benefit was estimated based on the opinion of interviewees.

Table 5.4 also notes which

organizational group the interviewees who identified the benefit belonged to. The magnitudes of
benefits are based both on financial and risk factors, such as impact on health, safety, and the
environment (HSE).

Where financial data was available, the estimated magnitude of the benefit

was based on cost data. However, there were many cases where financial benefits could not be
estimated on cost data, and in these cases subjective estimates of financial benefits were provided
by interviewees. Financial benefit is stated in terms of project capex. The following list describes
the magnitude of commonality benefits.

"

Minor - Financial benefit < $100M and insignificant impact on HSE risk.

*

Moderate - Financial benefit >$100M and <$1MM and/or minor impact on HSE risk,
such as a reduction in the probability of an injury that does not result in lost time, or
a non-reportable spill.

"

Significant - Financial benefit >$1MM and <$10MM and/or a moderate reduction in
HSE risk, such as a reduction in the probability of a lost time, non-disabling, injury
or a reportable but contained spill.

*

Major - Financial benefit >$10MM and <$100MM and/or a significant reduction in
HSE risk, such as a reduction in the probability of a disabling injury or fatality, or an
uncontained spill.
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Phase
Strategy

Design

Testing/Commissioning

Operations

Benefit
Easier to manage
smaller projects
Ability to stage
investments
Better safety
performance
Reduced development
cost/ time
Shorter equipment lead
time
Higher quality
construction
Reduced
testing/commissioning
time and cost.
Faster production ramp
up
Reduced inventory
requirements
Reduced manpower
requirements
Reduced fixed costs

Rationale
Smaller capital outlay, smaller, more
manageable teams, lower coordination
costs.
Building 3 plants in phases instead of
one allows for staged investment
Health safety and environmental risks
can be identified through learning
Faster team ramp-up, reuse of existing
design basis. Engineering hours reduced
by 35%.
Reuse of existing designs, preexisting
agreements with vendors
Learning from past mistakes
Existing designs can be tested less
rigorously, potential problems can be
better anticipated
Learning effects, potential problems can
be better anticipated
Spare parts can be shared between
facilities.
Sharing people between facilities,
increased knowledge sharing and trasfer
Shared overhead and fixed cost of
infrastructure (roads, utilities, camps)

Identified by
Development

Benefit Magnitude
Minor

Development

Moderate

Development

Significant

Engineering, Supply
Chain

Major

Supply Chain

Moderate

Commissioning,
Engineering
Operations,
Engineering

Moderate

Operations, Facilities
Engineering (CSU)
Operations

Major

Operations

Major

Operations,
Engineering

Major

Significant

Significant

Table 4.6: Identified Commonality Benefits on Steambird
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Organizing benefits in this way led to some interesting insights and findings. Higher level strategic
benefits, such as the ability to phase projects in smaller, more manageable pieces with lower capital
outlay, were identified by the development group. This is unsurprising, as that group is responsible
for the high level strategy of how resources are developed.

However, it was notable that the

development group did not identify many of the lower level benefits, such as reduced inventory
requirements, which are realized in the later phases of the project. Likewise, upstream benefits,
such as reduced development time in engineering, were not identified by the downstream
operations group. In fact, a general observation in the data is that benefits are primarily identified
by the groups that those benefits accrue to.

At the most, benefits were identified one level

upstream or downstream from where they are captured.

Finding 2: Commonality benefits tend to be identified by the groups that
those benefits accrue towards.

There are several possible explanations for this finding. One reason benefits are not identified by
the groups that do not realize them could be simple myopia. The development group may not have
enough visibility into the functioning of the operations group to see the impact their high level
decisions on operations. Likewise, downstream groups may not have a wide enough understanding
of the high level decision making processes in the firm to see upstream benefits.
Another potential explanation for this finding could be the incentive structure of the organization.
As previously noted

in Figure

5.1, Unoco's organizational

structure mirrors the systems

development lifecycle, with separate groups representing development, design engineering, and
operations. Furthermore, detailed design and fabrication are conducted at

3rd

party engineering

and fabrication companies. Each of these groups has their own set of goals and incentives, which
are often different from those of other groups. The development group is evaluated by the overall
financial return of projects, the facilities engineering group is rewarded by the on-schedule and on
budget completion of projects, and the operations group is incentivized to maximize production at
minimal operating cost. While these incentives appear to be aligned toward the larger corporate
goal of profitability, they may actually compete with one another leading to leading to local
optimization within organizational groups.

An example of this occurred in the selection of
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equipment and components on the Steambird 2 project. The facilities engineering group received
preferable pricing from a new vendor who was looking to establish a sales relationship with Unoco.
Although the part differed from what had been established as the standard on Steambird 1, the
facilities engineering group chose the new component and realized savings in the design of the
project. However this savings had an impact on downstream operations cost as the operations
group is now required several hundred thousand dollars in additional spare parts inventory and
supply training on the use of the new equipment, which may not operate the same as the equipment
previously specified.
Another interesting finding from Table 5.4 is that the most significant commonality benefits were
realized in the later stages of the project lifecycle - commissioning and operations. An example was
the faster ramp up of production on the Steambird 2 project compared to the Steambird 1, shown in
Figure 5.6. As the figure demonstrates, Steambird 2 was able to ramp production more quickly and
with significantly less variance than Steambird 1. This result was attributed to the realization of
learnings carried over from Steambird 1. For example, challenges in starting up the Steambird 1
plant had been identified, and the lessons were applied towards Steambird 2. Furthermore, Unoco
was able to transfer more experienced staff, who had worked on the Steambird 1 project, over to
the Steambird 2 project, bringing with them valuable knowledge. Internal transfers from
Steambird 1 filled approximately half the staffing requirements for Steambird 2. While a similar
dataset is not yet available for Steambird 3, that project is trending ahead of schedule with
performance driven by additional learnings and synergies from the completed Steambird 1 and 2
projects.
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Figure 4.12: Steambird Phase 1 vs Steambird Phase 2 Ramp Up Comparison

Finding 3: More significant commonality benefits on the Steambird project
were realized at later phases of the project lifecycle.

This finding is has useful management implications, especially when combined with Finding 1.
Commonality must be designed into a project during the strategy and engineering phases.
Additionally, the engineering and development groups more likely than the operations and
commissioning group to be provided with divergence opportunities. Given Finding 1, which
indicated that commonality benefits were primarily identified by the groups that those benefits
accrue to, it seems possible that opportunities to realize large downstream commonality benefits
will be missed, and that development and engineering groups may inadvertently make decisions
that erode commonality benefits. This hypothesis is tested in the following section on divergence.
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Divergence
Architecturally, the Steambird projects maintained commonality between the Steambird 1, 2, and 3
phases. However, as each phase offered the opportunity to make design changes, divergences did
occur - particularly at the component level.

A short list of divergences, as identified by

interviewees, is listed in Table 5.5. This list is not comprehensive, as changes on the project are
known to have occurred that were not directly identified by interviewees.

The majority of the

divergences identified were related to the electrical, instrumentation, and control subsystems. This
in part reflects the fact that many of the interviewees managed these subsystems and could speak
firsthand about divergences in the subsystems they managed, and the fact that these subsystems
have a relatively large number of specialized components supplied by 3rd party vendors.

54

Impact
Savings in engineering (<1%) but
offset by increased downstream
costs.
Little cost impact in engineering.
Improved operational reliability. In
most cases, changes retroactively
applied to JF1.

Divergence
Selection of variable
speed electrical drives

Description
A lower cost drive was offered by a different
vendor.

Rationale
Local optimization

Phase
Detailed
Engineering

Instrument selection

Certain models of instrumentation needed to
be changed due to obsolescence. Some
instrumentation was changed for safety
reasons such as more accurate readings of

Technology change,
safety, local
optimization

Detailed
Engineering

MCCs, which had been previously built at
grade level, were elevated to allow bottom
entry of electrical and instrumentation cable.
This allowed construction work to be done
on the ground instead of on top of buildings.
New models of control equipment were
used, as existing models were obsolete.
Vendor also changed, resulting in different
standard designs. Learnings were also
incorporated in the new design.
New software libraries were used, leading to
changes in operator interface design.

Safety, faster
construction

Design
Engineering

Learnings,
technology change,
vendor change

Detailed
Engineering

Relatively little difference in
engineering and design costs,
although quality significantly
improved.

Technology change

Detailed
Engineering

Difficultly in sharing operators
between first and second phase of
project.

Safety system vendor was changed to allow
better integration with control system.
Additional well pairs were added to some
wells.

Learnings, safety,
vendor change
Geological and
production
considerations.

Design
Engineering
Development

critical processes.

Elevated MCCs
(electrical equipment
houses)

Control Panel Hardware
and Layout

Operator Interface
Design
Safety system vendor
change
Well Pair additions

Escalation in development cost,
offset by higher production. New
well pad variants had lower costs
per well compared to original
design.

Table 4.7: Partial list of divergences on Steambird Project
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In addition to listing the identified divergences, Table 5.5 qualifies divergences by project phase
and by rational.

All changes identified by interviewees happened in the design and detailed

engineering, and the majority of changes in the detailed engineering phases were put forward by
the

3rd

party vendors and engineering companies where engineering work was taking place. An

explanation for this observation is that 3rd party vendors may have increased incentives towards
local optimization within their organizations, as any commonality benefits would be realized by
Unoco, rather than the vendor or engineering company. Furthermore, vendors are evaluated very
strictly on cost and schedule performance in the engineering phase of the project and are typically
not incentivized to consider downstream implications such as maintenance and sparing costs.
Therefore, engineering decisions which may add to cost or schedule at a third party vendor are
often subject to considerable push back. Another challenge to commonality at third party vendors
is that the people undertaking engineering work are likely to change between project phases due to
factors such as higher levels of turnovers at vendor companies, the shifting of people between
projects, and outsourcing. It was not uncommon to see the entire engineering team turned over
between phases at

3rd

party vendors, and this happened at the main engineering contractor

between phase 1 and phase 2.

It was therefore be difficult to realize learning effects on work

performed by 3rd party vendors and engineering companies.
Another significant source of divergence was identified to be technological change in the
components used. The time to develop a new oil and gas facility is roughly 3 years from concept to
start-up, and a facility will operate for 15-20 years before decommissioning. Clock speeds in the oil
and gas components market is much faster, with new models of instrumentation being introduced
approximately every 2-5 years, and new models of mechanical components such as seals and pipe
fittings are introduced every 5-10 years. Industry standards and specifications also tend to also
change on a 10-20 year lifecycle. When new components or specifications are introduced, older
models are usually obsoleted with vendors encouraging customers to move towards the newest
technology.

Vendors have a strong incentive to update their components on relatively fast

lifecycles, as they prefer to differentiate themselves based on the quality and capability of their
equipment as opposed to price. The inability to source many of the same components on the
second and third Steambird phases proved to be a significant challenge for Unoco, and led to
increased costs due to integration and testing of the new parts, along with higher inventory
carrying costs.
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The observations that third party vendors have increased incentive to both locally optimize, and
encourage the adoption of new technologies leads to the finding that divergence is more likely to
occur from these third party vendors for the reasons cited above.

Finding 4: Interfaces with 3rd party vendors and engineering companies are
likely to create divergence due to technological change and local optimization.

While divergence nearly always has both near and far term cost implications, Cameron (2013)
points out that in some cases the benefits of divergence can outweigh the costs, and divergence
opportunities therefore need to be carefully considered. Vendor related divergence in particular
should be analyzed from a cost benefit standpoint, and where the potential for non-beneficial
divergence exists, steps should be taken to reduce the risk of it occurring. For example, contracts
with vendors could be written based on the supply of standardized components on combined
project volume considering future phases.

Such contracts did not exist early in the Steambird

Program due to the fact that commonality between Steambird 1 and Steambird 2 was unintended,
however they are being put into place for future projects.
Safety considerations were another factor that led to divergence on the Steambird projects. As
mentioned previously, safety and the environment are core values to Unoco, and some design
changes that were made to the Steambird 2 reflect these values. Examples of design changes made
to improve safety include the inclusion of an integrated safety shutdown system, selection of more
reliable instruments, and ergonomic changes to allow workers to build and operate the plant more
safely.

Enablers and Disablers of Commonality
Commonality benefits are not automatically realized, and in many cases commonality must be
viewed as an investment as some upfront cost may be required in order to realize the expected
benefits (Cameron, 2011). Oftentimes, if commonality investments are not protected, they could be
permanently lost. It is therefore worthwhile to look carefully at commonality benefits in order to
try to identify their enabling and disabling mechanisms.

We define commonality enablers as

actions that can be taken that contribute to the realization of commonality benefits, and disablers as
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actions that may prevent benefits from being realized. Table 5.6 lists the commonality benefits
previously identified for the Steambird project from Table 5.4, and suggests some enablers and
disablers of those benefits.

Commonality Benefit
Easier to manage smaller
projects
Ability to stage investments
Better safety performance

Reduced development cost/
time

Enabler
Project phasing
Project phasing
Capturing risks and lessons
learned from previous projects
Capturing risks and lessons
learned from previous projects

Disabler

Systemic failures that impact
multiple projects, turnover of
key staff
Turnover of key staff, changing
suppliers and engineering
companies
Frequent changing of suppliers

Supplier agreements with
equipment vendors
Turnover of key staff
Capturing lessons learned from
previous projects
Turnover of key staff, technology
Capturing lessons learned,
Reduced testing/commissioning
changes
time and cost.
maintaining the key people
commissioning team between
projects
Turnover of key staff
Faster production ramp up
Capturing lessons learned from
previous projects
Changing of suppliers and
Reduced inventory requirements Supplier agreements with
technology changes
equipment vendors
Creation of technical shared
Reduced manpower
requirements
service groups
Creation of technical shared
Reduced fixed costs
service groups
Table 4.8: Commonality enablers and disablers on the Steambird Projects
Shorter equipment lead time on
future variants
Higher quality construction

The most frequently cited enabler of commonality was the capture of learnings from previous
projects.

The applications of learning were seen as enabling many benefits including improved

safety performance, reduced development cost/time, higher quality, reduced testing cost/time, and
faster production ramp up. However, many of these learning benefits are due to the build-up of
tacit organizational knowledge that can easily be lost due to turnover of key staff, disabling the
benefits.

Given that learning was considered the dominant commonality benefit realized in the
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Steambird project, it should be important to protect against the disabling of this benefit through
turnover.

Finding 5: When commonality benefits arise primarily from learning,
turnover of key staff can be a significant disabler of these benefits.

Another important commonality enabler included the creation of supplier agreements with
vendors and engineering companies. As previously discussed, vendors and

3rd

party engineering

companies were a significant source of divergence on the Steambird projects. Due to the economies
of scale and predictable capital spend Unoco has considerable leverage in supplier negotiation.
Upfront engagement with vendors and early development of supplier agreements could have
avoided much of this divergence by incentivizing vendors to support technologies for longer
periods of time, and incentivizing 3rd party engineering companies away from local optimization.
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Chapter 5 - Recommendations and Conclusions
Strong commonality strategies occur when they are financially beneficial, technically feasible, and
organizationally possible, as illustrated in Figure 5.1. This chapter discusses how these factors
align on the Steambird project using the findings from the Unoco case in Chapter 5. This chapter
also proposes a platforming strategy that could be applied to the development of Steambird, and
presents a platform strategy that could be generalized to oil and gas using Meyer and Lehnerd's
(1997) grid tool.

Financially
Beneficial

Technically
Feasible

Organizationally
Possible

Figure 5.1: Factors required for strong commonality strategies (Cameron, 2011)
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Financial Benefits of Commonality on the Steambird Project
Many financial benefits stemming from commonality were identified on the Steambird project by
interviewees and through analysis of project financial data. Engineering costs were reduced by
35%, project ramp up time was decreased, and significant savings were found through a reduction
in operational sparing requirements. However, these benefits did not amount to much more than
10% of the overall project cost. While still meaningful, the magnitude of the benefits identified on
Steambird was far less than what had been seen in commonality case studies in other, more
product oriented industries. Two possible explanations for the relatively modest commonality
benefits realized on Steambird are that:

1.

Oil and gas has an industry and cost structure is not as well suited to commonality
strategies compared with product oriented industries.

2. Greater commonality benefits are possible, but were unrealized due to
organizational and technological factors at Unoco.
Both of these explanations are at least partly true. From an industry structure standpoint, the
suitability of commonality strategies to oil and gas can be evaluated using the market variables
proposed by Cameron (2011). Industries with stable architectures, high competition, standard
requirements, and low levels of coordination with suppliers are considered highly suitable for
commonality strategies - the oil and gas industry scores well on all these measures. Architecture
evolves slowly in oil and gas, as the industry has a low clock speed. Competition is moderate - while
a large number of firms are competing in the globalized commodity market, only a handful are
active in any given resource play. Although some customization is required to suit specific
geologies and geographies, facilities and wells are based on stardardized designs. Finally, a
relatively high level of vertical coordination exists within the industry as suppliers often work
together with producers on the development of new technologies. Based on these variables, the oil
and gas industry should be reasonably well suited for commonality, and a number of firms in the
industry are indeed pursuing commonality strategies.
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Market Variables
Stable - Rail
Plan for Commonality
Low - Mining

Stability of Architecture

Competition

Changing - High Tech

High - Automotive

DifficultyJustifyin

Customized - Rail

Customer Preferences

Stock - White Goods

Vertical Coordination

High - Automotive

Challenging

Low - Heavy Industry
Missing Visibility

Figure 5.2: Market variables determining suitability of a firm to a commonality strategy

(Cameron, 2011)

The cost structure of the Steambird project is less favorable to commonality. Costs were dominated
by areas such as procurement and construction, and few commonality benefits were identified or
realized in these areas. Engineering, where some of the largest commonality benefits were realized,
compromised only 5% of the Steambird project costs and the net impact of benefits to engineering
was a savings of only 2%. In contrast to engineering, relatively small benefits to operations, such as
reduced sparing requirements, led to much more significant benefits over the project lifecycle.
Howeverm operational benefits were not as actively sought after as development and engineering
groups were not incentivized to pursue them. Further, unrealized commonality benefits would
have been possible but local optimization on the part of organizational groups and

3rd

party

engineering companies and vendors led to the erosion of some potential benefits, as discussed in
Chapter 4. Several findings related to Unoco's organization for commonality were noted, and
recommendations based on those findings are made in the following section.
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Summary of Findings from Unoco case
The following five findings were identified in the Unoco case study:

*

Finding 1: The 10 pair well pad variant was more cost effective than the 9 well pair
variant due to fewer unique modules and greater commonality with the typical 7
well pair design.

*

Finding 2: Commonality benefits tend to be identified by the groups that those
benefits accrue towards.

*

Finding 3: More significant commonality benefits on the Steambird project were
realized at later phases of the project lifecycle.

*

Finding 4: Interfaces with 3rd party vendors and engineering companies are likely
to create divergence due to technological change and local optimization.

*

Finding 5: When commonality benefits arise primarily from learning, turnover of
key staff can be a significant disabler of these benefits.

These findings lend themselves to a number of recommendations. Finding 1 suggests that there
could be value in reducing the number of unique modules in the well pad design, and designing a
well pad platform with variants based on the same common modules. Such a platform is explored
in the following section.
Findings 2 through 5 are related to organizational factors within Unoco. Unoco's organization is
unique to firms that have been studied in other commonality cases, as the company's organizational
structure closely maps to the systems engineering lifecycle. Because of this, organizational factors
that influenced commonality and divergence decision making over the course of the project
lifecycle were highly apparent in the Unoco case.
Finding 2 was that commonality benefits were identified primarily by the organizational groups
that would realize those benefits. Engineering groups would see and pursue commonality benefits
related to engineering, but would not necessarily see downstream operational benefits. This could
be problematic, as another finding of the study was that downstream benefits tended to be more
significant overall. Taken together, Findings 2 and 3 suggest that an incentive structure that
accounts for downstream commonality benefits could be introduced, and such an incentive
structure could lead to identification and realization of greater benefits. Several incentive
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structures were proposed by Cameron (2011), such as a new part tax that could be implemented as
a transfer price between a group that benefits from introducing a new part to a group that may see
costs from the new part introduction. Unfortunately, agreeing on a transfer price could prove
challenging. A simpler incentive may to set upstream goals based on a measure of downstream
performance, such as setting an operations inventory holding cost reduction goal at the engineering
level. Another, albeit weaker, alternative to changes in incentive structure might be to have
functional representation at design reviews. For example, an operations representative at a design
review could advocate for changes that maximize downstream commonality benefits.
Finding 4, that 3rd party engineering companies and vendors were likely to create divergence, could
be addressed in a number of ways. First, contracts could be written on combined project volumes
instead of on a single project. This would provide the opportunity to negotiate for the long term
support of supplied equipment and parts, along with better pricing. Second, it may pay to pursue
increased level of vertical coordination or possibly even vertical integration with some vendors. In
particular, vertical integration with vendors where significant potential exists for realizing
commonality benefits, such as piping module fabrication, could prove rewarding. Cenovus energy,
one of Unoco's direct competitors, has successfully pursued such a strategy of vertical integration
with module fabrication as an extension of its manufacturing approach to unconventional oil
development. This strategy has helped Cenovus bring its development costs to 43% below the
industry average, a cost reduction that is much larger than what was achieved by Unoco (Smith,

2012).
A recommendation from Finding 5 would be to put retention packages in place for key decision
making staff, an action that has already been taken by Unoco. However, some staff turnover is still
inevitable, and other steps could be taken to ensure continuity of commonality decision making.
For example, managers transitioning jobs could identify commonality as an important decision
driver to their replacements, and point out where commonality has been applied and needs to be
preserved.
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Potential for Platform Well Pad Development of Steambird
One of the most significant divergences identified on the Steambird project was the move away
from the standard 7 well pair design to 9 and 10 well pair designs. The rationale behind this
change was to better optimizate for local reservoir conditions, and to increase overall field
production. Examining this change further reveals a possible platforming opportunity on the
Steambird project.
Recall the typical 7 well pair design discussed in Chapter 4, shown again below in Figure 5.2. The
design has 9 different types of modules, of which 5 are unique(PM001-PM004 and SEP01) and 4 are
multiple instantiations (PM005, PM006, EM201-EM214). It's possible to reduce the number of
unique modules in this design at the expense of 1 well pair by removing PM004. The resulting
design is a low production well pad variant, as shown in Figure 5.1 with modules identified in Table
5.1. The module numbers shown in Table 5.1 have no significance, and were changed to
differentiate between the module numbers in the original well pad design.

rv-Ti

Figure 5.3: Typical 7 well pair pad design.
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Figure 5.4: Proposed 6 Well Pair Low Production Platform Variant.

Module Number
PM101
PM102
PM103
PM104
EM301
EM302
SEP11

Module Description
Pipe Rack Module
Pipe Rack Module
Pipe Rack Module
Common Pipe Rack Module (For 3 well pairs)
Common Production Well Module
Common Injection Well Module
Group Separator Package

Figure 5.5: List of modules in well pad platform.
The 6 well pair, low production variant can be extended using additional common modules (PM104
to create medium (9 well pair) and high production (12 well pair) variants, pictured in Figures 5.4
and 5.5 respectively. Cost estimates for these variants is provided in Table 5.2, which also
compares costs with the existing 7 well pair, 9 well pair, and 10 well pair designs currently in
production.
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Figure 5.6: Proposed 9 well pair medium production platform variant.

Figure 5.7: Proposed 12 well pair high production platform variant.

The cost of the proposed 6, 9, and 12 well pair variants was estimated using Unoco's cost data and
compared to the actual cost of the existing 7, 9, and 10 well pair variants in Table 5.2, with the 7
well pair design used as a baseline for comparison. Cost for the proposed 6 well pair variant was
estimated by removing the cost of deleted modules, and adding a small premium to account for the
over performance requirement to support up to 12 well pairs with common modules. The 9 and 12
well pair variant costs were then conservatively estimated by adding the cost of the new common
modules.

Pad Variant
7 Well Pair Existing

Cost
(Compared to 7 well pair variant)
100%

Cost per well pair
(Compared to 7 well pair variant)
100%

9 Well Pair Existing

120%

93%

10 Well Pair Existing

126%

88%

6 Well Pair Proposed

91%

107%

9 Well Pair Proposed

117%

91%

12 Well Pair Proposed

143%

83%

Figure 5.8: Proposed platform well pad costs compared to existing.

Costs for the proposed 6, 9, and 12 well pair variants were arrived at in the following manner. First,
the 6 well pair variant was cost estimated by subtracting the costs of 2 well pair modules, along
with the cost of pipe rack module PM004 from the 7 well pair design. In addition to subtracting the
cost of deleted modules, SEP11 was estimated to be 20% greater than the cost of SEP10 due to the
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fact that SEP11 must support up to 20% more flow from 12 well pairs instead of 10. This cost
estimate is conservative as costs in chemical processes typically scale with the log of capacity rather
than linearly. Next, the 9 and 12 well pair variant costs were derived from the 6 well pair cost
estimate by adding the cost of an additional 3 or 6 well pairs plus the addition of 1-2 PM104 pipe
rack modules.
The 6 well pair design suffers from an over performance penalty due to the additional cost of SEP11
compared to SEP10, and because the cost of common modules PM101-PM103 must be supported
by production from fewer wells. The over performance penalty of the 6 well pair well pad leads to
higher costs for this variant, however significant cost benefits to the purposed platform design can
be seen on on the 9 and 12 well pair variants when the over performance penalty is less severe or
eliminated. In the development of an entire field, the net result should be cost savings, which is
illustrated in Table 5.3, which compares the current well pad development plan to a proposed
platform development plant for phase 3 of the Steambird project. Individual well pad costs in Table
5.3 are shown as a percentage of the 7 well pair design, and existing vs platform development costs
are compared as a percentage of existing development costs.

Existing Phase 3 Development
Pad

# of Wells

Proposed Platform Development

1

7

Cost per well pair
100%

# of Wells
6

Cost per well pair
107%

2

10

88%

12

83%

3

9

93%

9

91%

4

9

93%

9

91%

5

10

88%

9

91%

Total

99%
45
100%
comparison
development
platform
vs
3
existing
phase
Figure 5.9: Steambird
45

This comparison assumes that the 7 well pair design would be replaced by the 6 well pair platform
variant, that one of the 10 well pair design would be upsized to the twelve well pair variant, and
that the other 10 well pair design would be downsized to the 9 well pair variant. Based on these
assumptions, resulting development plan has the same number of total wells as the original
development plan. Even using the conservative, likely overstated, cost estimates for the proposed
well pad variants, the platform design comes out slightly ahead on cost. The comparison is not
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perfect, as it is possible that production from the proposed development plan could be lower than
the current plan. Detailed reservoir simulations based on the new well pad configurations would
be needed to determine if the proposed development plan would impact production due to less
optimized well pad configurations, any such impact is expected to be minimal - well pads are
typically located adjacent to one another, so a part of the reservoir originally targeted by well pad 1
could instead be targeted by one of the wells added to adjecent well pad 2.
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Generalization of Commonality Grid Tool to Unconventional Oil and Gas
The low, medium, and high production variant platform proposed for Unoco's Steambird project
could be generalized to unconventional oil and gas development using Meyer and Lehnerd's (1997)
platforming grid tool discussed in Chapter 2 and shown again below in Figure 5.6.

High Cost
High Performance

Mid-range

What Market Niches Wi

Y)ur Produci Patforms Serve?

Low Cost
Low Performaricc
Segment A

Segment B

Segment C

Products

Segrnent D

I

Product Platforms

Figure 5.10: Platform Strategy Grid Tool (Meyer & Lehnerd, 1997)

In the proposed generalized platform strategy, presented in Figure 5.7, an oil and gas company
would first develop a scalable, low production variant of their production platform.
Initial platform development would be costly, illustrated by the 7% per well cost premium of the 6
well pair variant vs the 7 well pair design on the Steambird project. However, this cost must be
viewed as an investment that would be recovered on future, higher production variants, which
would have a much lower unit cost per production than would be possible otherwise. In addition to
lower unit costs, the speed at with an oil and gas resource could be developed would be accelerated,
as common production modules could be fabricated in a more streamlined, assembly line process
compared to unique modules which are fabricated on a one off basis. The proposed platform
strategy is similar to that being applied by Oak Point energy, which is also building a low, medium
and high production variant of its oil sands facility design (Smith, 2012). Oak Point's low, medium,
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and high production designs are expected to cost $48,000, $21,000, and $17,000 per barrel of oil
per day, compared to an industry average of $38,000. Like in the Unoco case, the low production
variant would suffer from a significant cost disadvantage compared to the medium and high
production variants, likely stemming from over performance premiums. However the medium and
high production variants may offer significant cost savings over industry averages.

High Production

12 Well Pair

Medium
Production

9 Well Pair

Low Production

6 Well Pair

I

Thermal Heavy Oil
(Oilsands)

Resource Play B

I
Resource Play C

Modular Production Platform

Figure 5.11: A generic platform strategic for unconventional oil and gas
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Conclusions and Future Work
This thesis adds the large and growing body of work in platforming and commonality on
engineering projects. Specifically, this thesis examined commonality in the oil and gas industry
which had not previously been discussed in work on platforming. The Unoco case was unique in
that the company's organization structure mapped closely to the V model of the systems
engineering lifecycle, leading to some new organizational insights to commonality.
Realized benefits directly totaling -10% of the total project cost were identified on Unoco's
Steambird project. While meaningful, the magnitude of these benefits is not as great as what has
been seen in other industries. Additional benefits could have been realized with some
organizational changes or a modification of Unoco's incentive structure, such as a new part tax or
the setting of upstream goals based on the realization of downstream commonality benefits.
Another suggestion could be vertical integration of suppliers where greater commonality benefits
could be realized, such as equipment module fabrication.
Based on engineering design and financial cost data from Unoco's Steambird project, a platform
model was developed for thermal oilsands which was generalized to oil and gas using Meyer and
Lehnerd's commonality grid tool. The platform showed that there could be some cost savings
associated with platform development in oil and gas, but it also reinforced the notion of
commonality premiums and the need to view commonality as an investment. More detailed
estimates of cost and production impacts of the proposed platform would be needed to evaluate the
return on investment for the proposed platform strategy. Cost data could be firmed up through
detailed engineering, while production impact could be estimated by reservoir simulation.
Significant scope for further work on commonality in the context of the oil and gas industry exists.
This thesis examined only a single case, and it would have been preferable to study several cases to
determine the generalizability of the findings and validate the proposed platform model. If data
could be gathered from multiple firms, it might be possible to correlate commonality to the
financial success of oil and gas projects. This study also only considered cost benefits associated
with commonality and did not address the benefits of flexibility and faster project development.
These benefits could be measured using a real option model, and would likely prove significant.
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Appendix A: Questions to Guide Commonality Interview
This document is divided into 3 sections:
" Intended Commonality and Expected Benefits
" Realized Benefits
* Divergence from Commonality
" Appendix: Commonality Benefits
Questions are listed to provide guidance and structure to interviews, but all questions are
not asked of all interviewees.
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Intended Commonality and Expected Benefits
What was the intended commonality for the project?

Which of the commonality benefits (below) were expected? Rank benefits?
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Realized Commonality and Benefits
Which of the previously identified commonality benefits were realized?

Were any unexpected costs or benefits from commonality realized?

Were indicators of commonality benefits (if any) were tracked during the project?

Were there any lessons learned from commonality?
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Divergence from Commonality
Was commonality considered when making design changes?

How did commonality diverge during the project? In what parts of the design was
divergence seen?

*

For each divergence, what were the factors / benefits / costs considered? Which
dominated this decision / event?

" For each divergence, did near or long term considerations dominate / What was the
decision horizon?

" For each divergence, who were the stakeholders? (Lifecycle phases and variants)

* When were the cost impacts of the divergence realized?

What were the significant causes of these divergences from commonality?
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Commonality Benefits:
Benefits are grouped into the following categories: Cost/Scope Benefits, Schedule/Lead
Time Benefits, Learning Effects, and Operating Synergies. Some benefits may arise in
multiple categories.
Cost/Scope Reduction
F] Reuse of existing design basis
D Reduced testing / validation
D Reduced purchasing costs
D Reduced development cost on later projects
F] Reduced scope / time on later projects
Schedule/Lead Time Reduction
] Reuse of existing design basis
F] Shorter equipment lead time
F] Faster development time
D Reduced testing / validation
Learning Effects
D Learning effects in development - fewer labor hours / unit
L Learning effects in testing - fewer labor hours / unit
F1 Learning effects in operations / support (lower service time / cost)
Operating Synergies
L Lower inventory for production and sparing
L Shared fixed cost of operations / support
LI Lower training expense (fixed capital cost and variable hours)
Other (Please specify)
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